
ABSTRACT 

T h i s  memorandum a s s e s s e s  t h e  r i s k  t h a t  Apollo crewmen 
w i l l  s u f f e r  from bends a s  a r e s u l t  o f  b e i n g  exposed  t o  an  oxygen/ 
n i t r o g e n  m i x t u r e  p i - ior  to decompression t o  3 . 5  p s i a  (e ,e ; ,  E V A ) ,  

Based on t.he w r i t e r ' s  i n t e r p r e t a t i o n  o f  the da ta  used  
i n  t h e  r e f e r e n c e d  s t u d i e s ,  the following conc lus io r l s  were rezchea : 

a )  Not more t h a n  5 o u t  o f :  1 0 0  crewmen w i l l  e x p e r i e n c e  
bends symptoms i n  f l i g h t .  

b )  None o f  t h e  cases w i l l  exceed  Grade 1 ( t h e  l o w e s t  
l e v e l )  i n  s e v e r i t y  and ,  t h e r e f o r e ,  w i l l  n o t  be c a u s e  
f o r  miss:i.on abort. 

e )  Bends symptoms i n  3 o f  t h e  5 c a s e s  w i l l  be  y e l i e v e d  
by  r ecompress ion  t o  nominal  c a b i n  p r e s s u r e  o f  5 p s i a .  

The f o l l o w i n g  o p e r a t i o n a l  p r o c e d u r e s  a re  recommcnded 
t o  minimize t h e  r i s k  o f  bends d u r i n g  EVA: 

a )  P rov ide  at l e a s t  4 h o u r s  p r e f l i g h t  d e n i t r o g e n a t i o n  
i n  100% oxygen a t  a p r e s s u r e  o f  one a tmosphe re .  

b )  Schedule  i n i t i a l  EVA n o t  e a r l i e r  t h a n  1 0  hours 
from t h e  s t a r t  of  p r e f l i g h t  d e n i t r o g e n a t i o n .  

c )  Prov ide  a minimum o f  one hour  d e n i t r o g e n a t i o n  I n  
100% oxygen a t  5 p s i a  p r i o r  t o  EVA. 
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During a r e c e n t  Lunar Landing T r a i n i n g  V e h i c l e  (LLTV) 
c i d e n t  b r i e f i n g ,  Grumman S a f e t y  expre.ssed conce rn  abou t  t h e  
s s i b i l i t y  of bends r e s u l t i n g  from a s t r o n a u t  exposure  to low 
e s s u r e  ( 3 . 5  p s i a )  a f t e r  be ing  i n  an  80/20 oxygen n i t r o g e n  

p s i a )  a tmosphere  i n  t h e  LM.l 
Tn riesponC.ing t o  t h i s  c o n c e r n ,  t h e  d i s c u s s i o n  i n  t h i s  

r e p o r t  has been  expanded to i n c l u d e  CSM o p e r a t i o n s  for t h e  fol- 
lowing  r e a s o n s :  

a) The crew w i l l  b e  exposed to t h e  h i g h e s t  concen- 
t r a t i o n  of n i t r o g e n  (%.30%) i n  t h e  CM c a b i n  p r i o r  to 
i n i t i a l  occupancy o f  t h e  L,M.2  

b) The r i s k  o f  bends i s  g rea t e s t  d u r i n g  t h e  b o o s t  and 
ea r ly  p h a s e s  of t h e  m i s s i o n  and d e c r e a s e s  as m i s s i o n  
t i m e  i n c r e a s e s .  

c )  The LM i s  p r e s s u r i z e d  by CM c a b i n  gas p l u s  oxygen 
makeup from CM s u p p l i e s .  T h e r e f o r e ,  the n i t r o g e n  
c o n t e n t  of  t h e  LM a tmosphere  w i l l  always be  e q u a l  to 
o r  l ess  t h a n  t h a t  o f  t h e  CM a tmosphere  a t  t h e  t i m e  
LIvI p r e s s u r i z a t i o n  i s  i n i t i a t e d .  

LM Cabin Atmosphere - -- 

A t  l i f t o f f ,  t h e  LM w i l l  c o n t a i n  a i r  a t  ambient  p r e s s u r e .  
The LM Overhead Valve w i l l  be  i n  "DUMP" s o  t h a t ,  d u r i n g  t h e  b o o s t  
p h a s e ,  t h e  LM atmosphere w i l l  b e  v e n t e d  o v e r b o a r d .  The f i r s t  LM 
p r e s s u r i z a t i o n  w i l l  o c c u r  a f t e r  t r a n s p o s i t i o n  and dock ing .  
Assuming t h a t  t h e  LM c a b i n  i s  a t  vacuum and t h e  CM c a b i n  i s  a t  
5 p s i a  and 70% oxygen, t h e  f i n a l  a t m o s p h e r i c  compos i t ion  i n  t h e  
two crew compartments w i l l  be  not l e s s  t h a n  84% oxygen. I f  t h e  
LM c a b i n  has z e r o  l e a k a g e ,  t h e  LM a t m o s p h e r i c  compos i t ion  w i l l  
r ema in  e s s c n t i a l l y  c o n s t a n t  u n t i l  ~ 2 - 3 ~  e n t r y .  I f  t h e  LM cab17 
leaks  a t  t h e  s p e c i f i c a t i o n  r a t e  ( 0 . 2  l b s / h r ) ,  t h e  LM c a b i n  will 
be a t  n e a r  vacuum c o n d i t i o n s  p r i o r  to L O I .  Assuming t h a t  t h e  
CM c a b i n  c o n t a i n s  84% oxygen when t h e  second LM p r e s s u r i z a t i o n  
i s  i n i t i a t e d ,  t h e  f i n a l  a tmosphe r i c  compos i t ion  i n  t h e  LM/CM 
c a b i n s  will be  abou t  9 1 %  oxygen.2 
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Bends - Factors 

In addition t o  the inert gas concentration, there are 
other imnorftant factors relating to +-,he incidence and severi + v  
of bends which must be considered. These are: 

a) Ratio of pressure change--significant if ratio of 
initial t o  final pressure exceeds 2:l. 

b )  Preflight-period of pure oxygen denitrogenation-- 
significant if less than four hours. 

c) Energy level of activity--significant at high levels 
(>1200 Btu/hr). 

d) Subject, L G  subject variation; in particular, the 
ratio of body fat to lean body mass-significant with 
fat t o  lean ratios greater than 0.3:l. 

The severity gf bends has been graded as follows in 
the current literat~re:~ 

a) Grade 1 - intermittent or mild symptoms (tingling 
sensations and fleeting pains) 

b) Grade 2 - moderate to severe symptoms not requi-ring 
abort (pain moderate but constant) 

c) Grade 3 - severe symptoms requiring abort (pain 
intolerable, unable to work) 

d) Grade 4 - severe decompression sickness 

Bends Data 

The most comprehensive set of experiments to assess 
bends risk during spaceflight was conducted by the Air Force 
in 1966. The collected data covered decompressions to 3.5 psia 
from 5 and 7 psia pure oxygen and mixed gas atmospheres (02/He 
and Oz/N2) during a t o t a l  of 388 subject exposures.k 

the incidence and severity of bends for the atmospheric composi- 
tions and pressures used in Apollo. 

Table 1 (attached) was prepared from these data t o  show 

As shown in Table 1, only three groups (designated A, 
B and C) were exposed to atmospheres typical to Apollo over a3.1 
"mission" phases. However, all of the subjects were exposed t o  
the same preflight and lift-off atmospheres and 55% of the t o t a l  
subject exposures were included in the "Initial EVA" phase. 
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S i n c e  t h e  da t a  g a t h e r e d  from t h e  l a rger  number o f  s u b j e c t s  were 
n o t  compromised d u r i n g  t h e s e  e a r l y  p h a s e s  by exposu-re to non- 
Apol lo  a tmospheres  ( i . e .  7 p s i a  02/N2, 7 p s i a  02/He and. 5 p s i a  
02/He), t h e y  a re  i n c l u d e d  h e r e i n  f o r  e v a l u a t i o n  p u r p o s e s .  

P e r s i s t e n c e  of Symptoms 

The cases o f  bends n o t e d  i n  T a b l e  1 c o v e r  b o t h  new 
o c c u r r e n c e s  and p e r s i s t e n c e  o f  bends symptoms which o c c u r r e d  
d u r i n g  a n  e a r l i e r  phase .  Based on i n f o r m a t i o n  c o n t a i n e d  i n  t h e  
b a s i c  r e p o r t ,  55% of  a l l  Grade 1 c a s e s  p e r s i s t e d  as  Grade, 1 and 
10% p r o g r e s s e d  t o  Grade 2 .  N o  Grade 2 c a s e s  d i s a p p e a r e d .  One 
Grade 2 c a s e  pe r s i s t ed  and t h e  r ema inde r  p r o g r e s s e d  t o  Grade 3 
( 5 0 % )  o r  regressed to Grade 1 ( 5 0 % ) .  

Trea tment  o f  Symptoms 

O f  p a r t i c u l a r  i n t e r e s t  i s  t h a t ,  of a l l  cases which 
o c c u r r e d  a t  3 .5  p s i a  f o l l o w i n g  exposure  t o  n i t r o g e n  m i x t u r e s ,  
symptoms were r e l i e v e d  i n  39% of t h e  c a s e s  by r ecompress ion  to 
p r e s s u r e s  at or l e s s  t h a n  5 p s i a .  R e l i e f  was p r o v i d e d  i n  more 
t h a n  h a l f  ( 5 5 % )  o f  t h e  Grade 1 c a s e s .  Recompression t o  7 p s i a  
( a  c a p a b l l i t y  p r o v i d e d  i n  Apol lo  f o r  t e s t i n g  t h e  p r e s s u r e  s u i t )  
r e l i e v e d  symptoms of bends i n  7 6 %  o f  t h e  c a s e s .  These data  a re  
summarized i n  Table  2 .  

Apol lo  R i s k  

R e f e r r i n g  a g a i n  to T a b l e  I., t h e  h i g h  i n c i d e n c e  of 
bends f o r  t h e  5 1  s u b j e c t  e x p o s u r e s  which i n c l u d e  Group A i s  
t r a c e a b l e  to t h e  l i m i t e d  p e r i o d  for d e n i t r o g e n a t i o n  ( 1 . 5  h o u r s )  
and heavy e x e r t i o n  d u r i n g  t h e  i n i t i a l  EVA. The t a b l e  i n d i c a t e s  
p e r s i s t e n c e  of Group A ' s  symptoms th roughou t  t h e  r ema in ing  p h a s e s  
o f  t h e  m i s s i o n .  These da t a  show t h a t  t h e  h ighes t  r i s k  of bends 
i n  Apol lo  w i l l  o c c u r  e a r l y  i n  t h e  m i s s i o n  i f  p r e f l i g h t  d e n i t r o -  
g e n a t i o n  i s  n o t  adequa te  ( < 4  h r s )  and heavy work i s  r e q u i r e d  
( e . g .  e a r l y  EVA, i n i t i a l  LM checkou t ,  e t c . )  Grade 2 bends ,  If 
o c c u r r i n g  e a r l y  i n  t h e  m i s s i o n ,  may be c o n s i d e r e d  c a u s e  f o r  
a b o r t .  P r e f l i g h t  d e n i t r o g e n a t i o n  becomes re1.at ivel .y  un impor t an t  
about  1 2 - 1 6  h o u r s  a f t e r  l i f t - o f f  as t h e  crew w i l l  e q u i l i b r a t e  
w i t h  t h e  a tmosphe r i c  environrjlent i n  t h a t  t ime .  

For  p u r p o s e s  of a s s e s s i n g  t h e  bends r i s k  d u r i n g  l a t e r  
Apol lo  m i s s i o n  p h a s e s  t h e  da ta  f o r  Groups B and C a p p l y .  The 
a tmosphe r i c  exposures  of t h e s e  two g roups  p r o v i d e  upper  and 
lower  bounds ( 7 0 / 3 0  0 2 / N 2  and 100% 0 2 )  for p r e d i c t i n g  bends 
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i n c i d e n c e  and s e v e r i t y  i n  a gas m i x t u r e  i n t e r m e d i a t e  between 
t h e  two ( e . g .  8 0 1 2 0  02/N2) .  F u r t h e r ,  t h e  da t a  from g r o u p s  B 

and C h a s  n o t  been compromised by p e r s i s t e n c e  o f  symptoins from 
an e a r l i e r  phase .  Based on t h e s e  A*>.ta, and on an a s t r o n a l l t  
p o p u l a t i o n  hav ing  f a t  to l e a n  body mass r a t i o s  n o t  g r e a t e r  t h a n  
0.3:1, i t  i s  t h e  w r i t e r ' s  o p i n i o n  t h a t  n o t  more t h a n  5 o u t  of 
1 0 0  crew members w i l l  e x p e r i e n c e  symptons o f  bends f o l l o w i n g  
decompress ion  to 3 .5  p s i a  a f t e r  exposure  to a mixed gas com- 
p o s i t i o n  c o n t a i n i n g  n o t  m o r e  t h a n  2 0 %  N2. 
a p o s i t i o n  tha t  m i s s i o n  a b o r t  w i l l  n o t  b e  r e q u i r e d  as none of 
t h e  c a s e s  w i l l  exceed Grade 1 i n  s e v e r i t y .  The b a s i c  r e f e r e n c e  
i n d i c a t e s  t h a t  3 o u t  of t h e  5 c a s e s  w i l l  r e c o v e r  w i th  no t r e a t -  
ment beyond r ecompress ion  t o  t h e  nominal  c a b i n  p r e s s u r e  o f  

The  da t a  also s u p p o r t  

5 p s i a .  I 

Recommendations 

Based on t h e  f o r e g o i n g  d i s c u s s i o n ,  t h e  f o l l o w i n g  ope ra -  I 
t i o n a l  p r o c e d u r e s  are recommended t o  minimize t h e  r i s k  o f  bends  
d u r i n g  Apol lo  missions: 

a )  
p s i a )  of t h e  crew f o r  a p e r i o d  o f  not I .ess t h a n  4 h o u r s .  

P r o v i d e  p r e f l i g h t  d e n i t r o g e n a t i o n  (100% O2 a t  1 4 . 5  

b )  Schedu le  p lanned  e x t r a v e h i c u l a r  a c t i v j . t y  n o t  e a r l i e r  
t h a n  1 0  hour s  a f t e r  t h e  b e g i n n i n g  of  p r e f l i g h t  d e n i t r o -  
g e n a t  i o n .  

e )  A s  recommended i n  t h e  b a s i c  r e f e r e n c e ,  prov.ide a 
minimum o f  one hour b r e a t h i n g  p u r e  oxygen a t  5 p s i a ,  
a f t e r  crew members a r e  exposed to a mixed gas e n v i r o n -  
ment ,  b e f o r e  EVA i s  a t t e m p t e d  ( 4 ) .  

2033-TAB-sep 

At tachments  
T a b l e s  1, 2 

7 '7 Q V.de41 
T. A .  Bottortiley 

G- 
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Grade 

1 
2 

TABLE I1 

3.5 Psia Bends Cases Relieved 

by Recompression - Nitrogen ( 4 )  

Recompression.Pressure 

< 5  psia  5-7 p s i a  >7 psia 
12 9 1 

5 5 5 

1 3 5 
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